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INEXPENSIVE NOISE-MEASURING EQUIPMENT 


;ORE anil more industry 
is realizing the fatiguing 
effects upon human beings 
of the various noises to 
are subjected, and with the 
comes the endeavor to re¬ 
duce. so far as practical, all unneces¬ 
sary sounds. In New ^ ork City for 


example, a noise commission has been 
making an exhaustive survey of the 
sources of city noise and means of its 
prevention. The most disturbing noises 
are frequently those generated by some 
common piece of mechanical equip¬ 
ment during its normal operation. 
Many machines, such as ventilators. 
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MICROPHONE 


TYPE 343 SN 


TYPE 


314 AM 


TYPE 306 -CM 


Noise i* |I up in (h** microphone, weighted, ami amplified. The power 
level indicator {live* the n’Hult in decibels, referred to the background noi.se 
level, or any level chosen as reference 


refrigerating systems, pumps, fans,etc., 
cause a constant whirring, hissing, or 
humming sound, which gradually 
works on the nervous system, causing 
mental fatigue. 

Manufacturers of mechanical equip¬ 
ment are beginning to recognize the 
importance of quietness in their prod¬ 
ucts. 

An intelligent approach to the prob¬ 
lem of noise elimination requires a 
means of quantitative noise measure¬ 
ment. Listening tests are of course of 
no substantial value in this work. 
Accordingly, various forms of noise- 
measuring devices have been developed 
in order to provide quantitative com¬ 
parisons of different sounds. An exten¬ 
sive discussion of the problems involved 
in noise measurement will he found in 
recent issues of the Journal of the A cow s- 
tival Society. 

The simplest form of noise-measur¬ 
ing set-up consists of a microphone, 
an amplifier, and a suitable indicator 
such as a vacuum-tube voltmeter or 
an oxide-rectifier meter. Sounds picked 
up hv the microphone are amplified 
and indicated on the meter, giving a 
definite method of comparison. The 
meter should preferably he calibrated 
in decibels* which are the units gener¬ 
ally used to express ratios of sound 
intensities. Where wide ranges of 
volume are to he measured, the ampli¬ 
fier gain should he adjustable to avoid 
ov erloading on loud noises. 


In order to present a true picture of 
the effect of the noise on the human 
nervous sy stem, the measuring system 
must have a frequency characteristic 
similar to that of the normal auditory 
system, i.e., the low and high frequen¬ 
cies must he discriminated against. 
Some such discrimination is unavoid¬ 
able in a microphone and amplifier 
system, hut the normal loss of high and 
low frequencies should he accentuated. 

Since a Hat frequency characteristic 
i> not desired, an expensive microphone 
is not generally needed unless very low 
noise levels are to lie encountered. 
The microphone should, however, show 
negligible variations with use and age 
and should have a residual noise level 
substantially below the lowest noise to 
be measured. The input transformer or 
frequency-weighting network should be 
so designed that its characteristic 
added to that of the microphone re¬ 
sults in a close approximation to the 
normal ear characteristic. 

\ noise-measuring set of this type 
may he composed of several standard 
General Radio units. The illustration 
shows a system supplied to a large 
manufacturer of refrigerating tnachin- 
erv. It consists of a General Radio 
Type 514-AM Amplifier, a special 
Type 345-SN Input Transformer, a 
Type S86-CM Power-Level Indicator, 
and a microphone. The input trans¬ 
former matches the microphone impe¬ 
dance to the amplifier and also adjusts 
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I In* over-all frequency response to 
approximate that of the human ear. 
In this particular system, the input 
transformer is mounted in the amplifier 
cabinet, and the microphone receives 
its current from the amplifier filament 
battery. 

The microphone is an inexpensive 
carbon type, since the noise levels at 
which it is to be used are comparatively 
high. The accompanying curves show 
the over-all frequency response of the 
noise-measuring system with and with¬ 
out the microphone. It will he noted 
that the over-all res|M>nse of the com¬ 
plete system, including microphone, 
represents a very close approximation 
to the response of the normal human 
ear. 

\lthough equipment of this sort is 
generally used to determine the deci¬ 
bels difference between normal noise 
level and noise with some machine 
o|NTating, the equipment can, of 
course, he ealihrated against any 
arbitrary standard desired. The thresh¬ 
old of hearing at 1000 cycles for an 
average person is frequently used as a 
reference level. 

\ convenient manner of calibrating 
the noise-measuring set is a* follows: 
a 1000-cycle tone may he obtained from 



The frequency characteristic of the avftem is 
matte to approximate that of normal hearing 


a suitable oscillator in conjunction 
with a loud-speaker. The observer 
should Ik* so placed that lie is approxi¬ 
mately the same distance from the 
loud-speaker as (he microphone and 
reasonably close to the microphone so 
(hat it may he assumed that (lie sound 
intensity reaching the observer is prac¬ 
tically the same as that reaching tin* 
microphone. If the volume of sound 
from the loud-speaker is then reduced 
until the threshold of hearing is reached, 
the reading of the noise-measuring set 
at that point may he taken as the refer¬ 
ence level. 

With some types of microphones, 
the residual noise may he enough to 
cause an appreciable error in reading 
of the set at the threshold of audibility. 
Where very weak sounds are to he 
measured it is recommended that a 
microphone of the condenser or mov¬ 
ing coil type be employed, hut if loud 
noises are to he measured, the following 
method of calibration will he found 
quite satisfactory. 

'The oscillator used for obtaining the 
test tone should have a reasonably 
large power output and should he 
equip|>cd with a ealihrated volume 
control. If this is not the ease, a suita¬ 
ble amplifier and attenuator may he 
used in conjunction with the oscillator. 
The loud-speaker should he reasonably 
linear in so far as power output is con¬ 
cerned. that is, doubling the power 
input to the speaker should double the 
power output. This of course means 
that the loud-speaker must not he 
overloaded. Placing the observer and 
microphone as mentioned before, the 
threshold of hearing should he obtained 
in the same manner and tin* reading of 
the ealihrated attenuator or volume 
control on the oscillator or associated 
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amplifier noted. The output of the 
loud-S|>eaker should then he increased 
by adjusting the calibrated attenuator 
until a reasonably loud sound intensity 
is obtained. \n increase of the order 
of 40 or 50 dh is generally sufficient. 
It is not important that the intensity 
he increased h\ any exact amount, hut 
only that the amount of increase he 
known. The reading of the noise¬ 
measuring set at that point, referred to 
the threshold of hearing, will e<pia! the 
amount by which the output of the 
loud-speaker was increased. 

For best results, these calibrations 
should he performed in an acoustically 
dead room or in the open air at some 
place where absolute quietness may he 
obtained. It is also advisable to per¬ 
form the calibration with several indi¬ 
viduals and use the average as a final 
value. — H. II. Scott 


For the convenience of those desiring 
to construct noise-measuring sets simi¬ 
lar to the one descril»ed above, the 


following table gives the list of (General 
Radio equipment which may he used, 
and the prices. 

Type 514-WI Amplifier (without 
tubes ami batteries) . . $76.00 

Type580-CM Power-Level Indicator 
.975.00 

T ype 345-SN T ransformer for use 
in conjunction with single-button 
carbon microphone to obtain ap¬ 
proximate characteristic of human 
ear 1 $15.00 

If it is desired to have the special 
input transformer mounted within the 
amplifier unit and the amplifier input 
circuit arranged so that microphone 
current is obtained from the amplifier 
"A** battery, an additional charge of 
$15.00 will be made. The complete 
noise-measuring set as described in the 
foregoing article, including micro¬ 
phone, microphone case, suitable 
shielded cable connectors, and all tubes 
and batteries, will cost $230.00. 


A BOOSTER AMPLIFIER FOR 500 -OHM LINES 


I \ modern communications systems, 
lines and equipment having impe¬ 
dances of 100 to 600 ohms are generally 
widely used. The high-quality trans¬ 
mission lines associated with radio 
broadcasting and sound pictures equip¬ 
ment generally have characteristic 
impedances within this range, and. 
accordingly, a large percentage of 
faders. mixers, and speech-input ampli¬ 
fiers have input and output impedances 
of approximately 500 ohms. 



\ rompact line amplifier 
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Transmission lines should, of course, 
he operated al a volume level stifli- 
eientlv high to minimize the effects of 
noise and crosstalk which may he 
pieked up from nearby electrical equip¬ 
ment or other transmission lines. V 
level of -f-2 dh is generally recom¬ 
mended. Increase in volume level also 
tends to reduce noises which mav he 
encountered in fading and mixing 
equipment. 

Two of the General Radio Com¬ 
pany's new transformers. Type 541-G 
and Typk 541-P, are linding wide¬ 
spread favor among engineers for use 
in connection with 500-ohm equip¬ 
ment. Tyi»k 541-G is a line-to-grid 
transformer designed for operation 
into either a single tube or a balanced 
(push pull) stage. Type 511-1* is a 
plate-to-line output transformer for 
operation from a single amplifier tube 
or a balanced stage into a 500-ohm 
line. I sing these two transformers, a 
line-booster amplifier mav he con¬ 


structed which will provide high inser¬ 
tion gain with an excellent frequency 
characteristic. 

The accompanying diagram shows 
the circuit and frequency response of a 
balanced amplifier using two of the 
new 56-typc tubes. The over-all ampli¬ 
fication is approximately 20 dh. 227- 
type, 230-type, or 237-tvpe tubes may 
also be used, if desired, with a slight 
decrease (approximately 1.5 dh) in 
gain. If a larger amount of output 
power is desired. 210-tvpe tubes may 
Im» used. — H. II. Scott 


Prices on equipment used in the 
booster described above are as follows: 

Type 541-G Line-to-Grid Trans¬ 
former .$12.00 

Type 541-P Plate-to-Line Trans¬ 

former . $12.00 

2 Type 438 5-Prong Sockets . .70 

Special Rase Nickel-plated Rrass 
with Rinding Posts ... $3.00 



\(i rvcellrnl frequency characteristic is ohtuinnl 
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AMATEUR CRYSTAL HOLDER 



The Trn 560-.A Crystal Holder assembled The crystal is held under light pressure 

Tlif crystal is of course not inelnded in the price of the holder 


I \ general, quartz-crystal holders for 
amateur and experimental-trails* 
mission use are constructed with Uo 
major considerations in view fre¬ 
quency stability and maximum power 
output. In amateur o|>rration it is 
generally advisable to sacrifice some 
frequency stability to gain in power. 

The two types of holders commonly 
in use are the air-gap and pressure- 
plate types. The former are used in 
circuits in which frequency stability 
of the highest order is essential, and 
the latter where stability may be sub¬ 
ordinated to power output. 

The decreased air gap between the 
lop plate and the crystal in a pressure- 
type bolder reduces the series capaci¬ 
tance in the crystal circuit, affording 
material increase in output. 

In the pressure-type bolder any 
considerable amount of lateral motion 
of the crystal will cause variation in 
frequency and output. This "sliding” 
tendency of the crystal, when operated 
in a power circuit, should be restricted 
by means of some form of retention 
device which should limit the motion 
of the crystal without definitely pre¬ 
venting its natural oscillation. 

The pressure requirements of the top 
plate vary with different crystals and 


with frequency. In some cases the 
weight of the top electrode alone is suf¬ 
ficient. while in others, pressure, sup¬ 
plied by a spring, is required. 

The contact surfaces of both holder 
electrodes must be smooth and as fiat 
as possible to insure uniform operation 
of the holder with different crystals. 

Vn enclosed case is desirable to pro¬ 
tect the crystal from dust or other 
foreign matter. 

Genera) Radio has designed a holder 
to fill the above requirements. The 
holder w ill accommodate crystals up to 
1 1 s inches in diameter, ami of thick¬ 
nesses to I millimeters. Three blank 
retention plates of fabricated bakelite 
sheeting are provided so that the user 
may readily cut out the blanks to ac¬ 
commodate crystals of various shapes. 
Pressure on the top plate is provided 
h\ a fiat spring, the tension of w hich is 
adjustable. Both electrodes are chro¬ 
mium plated, rite case of the holder isof 
moulded hakelite, dust proof, audeasib 
opened. Standard (general Radio spac¬ 
ing of inch is used between the plug 
terminals. This is known as the Type 
560-A Crystal Holder. The price is 
$2.25, including three fabricated bake¬ 
lite retention blanks. 
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STANDARD-RELAY RACKS 


T elephone practice for a long time 
has lieen to mount equipment 
on racks of standard dimensions. 
Rack and panel dimensions have been 
worked out so that provision is made 
for instruments requiring various 
amounts of panel space. 

The standard relay rack takes a 
panel width of 19 inches. The maxi¬ 
mum allowable width of apparatus 
behind the panel is 17V£ inches. 

\ drilling arrangement for the up¬ 
rights of the rack has been worked out 
which permits the mounting of any 
size panel in any position on the rack 
provided certain standard panel widths 
and slotting arrangements are used. 

The basic unit of panel width is l 3 ^ 
inches. An allowance of inch is 
made between panels for fitting so that 
the standard panel sizes are n(l 3 .j) -l$> 
where n is any integer. 

The drilling and slotting arrange¬ 
ments for the panels are illustrated in 
the figure. Holes are tapped for 10 32 
screws. 

I'anel slots should lie laid out on the 
assumption that the top of the panel 
comes between two holes placed at 1 o 
inch intervals. 

It is of course not necessary to slot 
the panel for each hole in the rack up¬ 
right. The holes are at such intervals 
that a symmetrical arrangement of 
slots can he made in practically all 
cases. 'Flic figure illustrates the loca¬ 
tion of slots in three ty pical cases show - 
ing in heavy lines the positions actually 
slotted. General practice is to use two 
slots for panels up to and including 
.^five rack units (8%) wide, three slots 
or the six-unit width, and four slots 
for panel sizes up to eleven units. 


Type IHfi Relay Racks: Type 180-B (/e/rj. 

Type 180 -A (right) 

These numbers would he modified for 
unusually light or unusually heavy in- 
stalla lions. 

'I'lie General Radio Company is list¬ 
ing two types of relax rack. One of 
these is a full size standard rack de¬ 
signed for mounting large assemblies 
of laboratory equipment. It contains 
mounting space for the equivalent of 
thirty-six panel units. 

V smaller unit is provided for bench 
mounting. This is ideal for installation 
of laboratory assemblies consisting of 
several portions such as oscillators and 
their rectifiers. This type of rack lends 
itself to mounting at the hack of labo¬ 
ratory tables to hold permanently in¬ 
stalled equipment, thus freeing the 
table surface for other apparatus. The 
rack is also ideal for assembling of 
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Note : Clearance between verfical 
supports on rock I7£ incbea. 


Standard dimensions for panel cutting and drilling. Panel units are 
in multiples of ! 3 ; t ' inches high hy I 1 ) inches wide. Maximum width 
of apparatus behind the panel 17 1 2 inches 


amateur-radio transmitters. This raeh 
will mount twenty-five panel units. 

Both racks are of steel frame and can 
he holted to the floor or table, although 
this is usually not necessary. Both 
racks are drilled as shown in the illus¬ 
tration above. Holes are tapped for 
10 32 panel mounting screws. Mount¬ 
ing screws, washers, and hridle rings 
for cabled wiring are supplied. 

The large rack stands 63 inches from 
the floor ami has a panel mounting 


space of 13?} inches by 10 inches. The 
price of the large rack (Type 480-A) 
is $40.00: that of the smaller (Type 
480-B) is $13.00. 

Panels for mounting apparatus on 
these racks should be of or 1 g-inch 
aluminum depending upon the weight 
of the apparatus to he supported. 
Panels can be obtained cut to size with 
finished edges from the Aluminum 
Company of America or its local 
jobber. 


r pilE GENERAL RADIO COMPANY mails the Experimenter, without charge , 
each month to engineers , scientists, and others interested in commun¬ 
ication-frequency measurement and control problems. Please send requests 
for subscriptions and address-change notices to the 

GENERAL RADIO COMPANY 

30 State Street - Cambridge A, Massachusetts ^1° 
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